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Dilated aortic root is related to a global aortic
dilating diathesis
Josep M. Alegret, PhD,a,b,d Nahum Calvo, MD,b Carme Ligero, MD,a Raquel Palomares, MD,a
Lidón Millá, MD,b Vicente Martín-Paredero, PhD,c Manuel Montero, MD,b and
Jorge Joven, PhD,d Reus and Tarragona, Spain
Objective: The purpose of this study was to analyze the association between the dilatation of the aortic root and the
diameters of the rest of the aorta and to identify some related factors that could be used to identify patients at higher risk
of presenting with an aortic aneurysm.
Methods: In 71 consecutive patients with a dilated aortic root identified by transthoracic echocardiography, prospective
helical computed tomography was performed. Aortic diameters were measured perpendicular to the flow at seven levels
in the thoracic and abdominal aorta.
Results: Ascending aorta diameter showed a moderate correlation with aortic indexed diameters at the thoracic and
abdominal level in tricuspid aortic valve patients (r ranging from 0.37-0.56), whereas in patients with a bicuspid aortic
valve, a moderate correlation between the ascending aorta diameters and the thoracic descending aorta diameters was
observed (r 0.51-0.53). In a multivariate analysis, age was independently related to indexed diameter at all aortic sites
( ranging from 0.06-0.12 per year), whereas aortic regurgitation was independently related only to thoracic aorta
diameter ( ranging from 1.17-1.84). Age (P < .0001), body surface area (P < .0001), and grade of aortic valve
regurgitation (P  .001) independently predicted aortic volume.
Conclusion: Different patterns of aortic diameters were observed in patients with dilated aortic root, depending on age,
aortic valve morphology, and function. When a dilated aortic root is detected in older patients with a tricuspid aortic
valve, an accurate cardiovascular survey that includes the entire aorta is needed. These results provide further evidence
about the systemic nature of aortic dilatation. (J Vasc Surg 2010;52:867-72.)Dilated aortic root (DAR) is a relatively common find-
ing, with a reported prevalence of about 4%measured at the
level of the sinuses of Valsalva in the general population.1,2
However, the relation between DAR and the diameters of
different aortic levels and the variables associated with this
relation remain unclear. Some risk factors, such as hyper-
tension, age, and smoking, have been described as being
related to both thoracic and abdominal aortic diameter but
with different impacts at each site.2-8 On the other hand,
the genetic substrate and the pathophysiological mecha-
nisms involved in aortic dilatation seem to be different at
the different aortic levels.9-11 Identifying the variables re-
lated to greater aortic diameters and volume is important
because both are related to aortic elasticity and increased
cardiovascular risk, including aortic aneurysm.12 The pur-
pose of this study was to investigate the correlation between
the diameters of the ascending aorta and the rest of the
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echocardiogram and to identify variables related to the
aortic diameters and volume.
Table I. Clinical and echocardiographic characteristics of
the patients
N (%) or mean  SD
Age (years) 63  12
Men 63 (89)
Body surface area (m2) 1.87  0.19
Aortic root (mm) 42  4
Aortic root (mm/m2) 22.4  2.8
Ascending aorta (mm) 42  7
Ascending aorta (mm/m2) 22.6  4.3
Smoker 12 (17)
Hypercholesterolemia 20 (28)
Hypertension 39 (55)
Diabetes mellitus 7 (10)
Ischemic heart disease 11 (15)
Stroke 4 (5)
Peripheral artery disease 6 (9)
Bicuspid aortic valve 19 (26)
Aortic stenosis (mean gradient
20 mm Hg) 7 (10)
Aortic regurgitation (II/IV) 32 (45)
Aortic diameter (mm)
Aortic arch 30  4
Descending aorta (proximal) 29  6
Descending aorta (distal) 26  4
Pre-renal aorta 23  3
Renal aorta 20  3
Infrarenal aorta 19  4Aortic volume (mL) 258  77
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Prospective helical computed tomography was per-
formed in 71 consecutive adult patients with a DAR de-
tected via a transthoracic echocardiogram. DAR was de-
fined as follows: (1) diameter at the level of the aortic valve
sinus 38 mm in men and 36 mm in women and (2)
indexed diameter 20 mm/m2.13 Patients with Marfan’s
syndrome were excluded. All patients were unrelated, and
family history of aortic aneurysm disease was absent. Aortic
valve morphology was accurately evaluated with transtho-
racic echocardiography or transesophageal echocardiogra-
phy when required. Patients were recruited between Sep-
tember 2008 and May 2009. The inclusion period was
terminated when we reached a sufficient sample size to
minimize the beta error (between 5% and 10%). This study
was approved by the Ethics Committee of our institution.
Table II. Correlations between the indexed diameter of th
abdominal aortic segments classified by aortic valve morph
All patients
R P
Aortic arch 0.25 .04
Descending aorta (proximal) 0.51 .0001
Descending aorta (distal) 0.41 .001
Pre-renal abdominal aorta 0.31 .01
Renal abdominal aorta 0.25 .04
Infrarenal abdominal aorta 0.21 .08
Table III. Univariate and multivariate analysis of variables
Univariate a
 (95% CI) or mean  SD
Age 3.51 (1.95-5.08)
Sex (male/female) 264  76 vs 182  41
Body surface area (m2) 142.3 (42.1-242.5)
Smoking (yes/no) 230  47 vs 257  78
Hypertension (yes/no) 257  67 vs 252  87
Vascular disease 251  69 vs 257  79
LVED diameter (mm) 2.97 (0.52-5.4)
Bicuspid aortic valve 248  75 vs 262  78
Aortic stenosis 248  46 vs 160  82
Aortic regurgitation (2/4) 291  88 vs 229  58
CI, Confidence interval; LVED, left ventricular end-diastolic diameter.
Vascular disease: stroke, ischemic heart disease, and peripheral vascular dise
Table IV. Multivariate analysis of variables related to the
Arch
 (95% CI) P
Age (years) 0.11 (0.07-0.15) .0001
Aortic regurgitation (2/4) 1.48 (0.45-2.5) .006
Arch, Aortic arch; CI, confidence interval; DDA, distal descending aorta; IA
descending aorta; RAA, renal abdominal aorta.Written informed consent was required of the patients who
participated in this study.
Image acquisition. All studies were performed with a
helical CT (HiSpeed Lxi; GEMedical Systems, Milwaukee,
Wisc). A total of 140 mL contrast material (300 mg iodine
per mL) was administered into an antecubital vein at a rate
of 3 mL/second using a power injector. Images were then
obtained with scanning delays of 25 seconds and the fol-
lowing parameters: 5-mm collimation at a pitch of 2. From
the volumetric data, contiguous transverse images were
reconstructed at 2-mm intervals.
Image analysis. Two-dimensional and three-dimensional
images (multiplanar reformatting and volume rendering,
respectively) were generated from the original axial two-
dimensional planes with the software GE Advantage Win-
dows version 4.3 (GE Healthcare, Milwaukee, Wisc). Aor-
cending aorta and the indexed diameters of thoracic and
y
Ascending aorta
Bicuspid aortic valve Tricuspid aortic valve
R P R P
0.24 .31 0.37 .01
0.51 .02 0.56 .0001
0.53 .02 0.37 .01
0.13 .59 0.42 .002
0.11 .65 0.39 .004
0.05 .85 0.31 .03
ted to aortic volume (mL)
is Multivariate analysis
P  P
.0001 4.05 (2.57-5.54) .0001
.02 .74
.006 211.8 (112.5-311.1) .0001
.15
.78
.80
.02 .79
.52
.65
.04 61.8 (30-93.6) .0001
eter of each thoracic and abdominal aortic segment
PDA DDA
 (95% CI) P  (95% CI) P
0.12 (0.05-0.19) .001 0.10 (0.07-0.14) .0001
1.84 (0.20-3.5) .02 1.17 (0.24-2.1) .02
frarenal abdominal aorta; PAA, pre-renal abdominal aorta; PDA, proximale as
ologrela
nalysdiam
A, in
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vascular axis from reformatted imaging at seven levels:
ascending aorta at its maximum size, aortic arch, descend-
ing aorta at the level of the aortic isthmus, descending aorta
at the level of the diaphragmatic wall of the left ventricle, 10
mm proximal to the right renal artery (suprarenal aorta), at
the level of the renal arteries (renal aorta), and 10mm distal
to the left renal artery (infrarenal aorta). Aortic volume was
automatically calculated with the same software (volume-
rendering application) processing acquired images and iso-
lating the aorta (from the thoracic aorta distal to the left
subclavian artery to the abdominal aorta proximal to the
aortoiliac bifurcation) from the rest of vascular and nonva-
scular structures.
Aortic dilatation was defined as a deviation of more
than two SDs from the reference normal value,14 and the
aneurysm was defined as greater than a 50% difference from
the expected normal diameter at this site.15
Statistical analysis. Categorical variables are ex-
pressed in percentages and were analyzed using either the
2 or Fisher’s exact test as appropriate. Continuous vari-
ables are summarized as mean  SD, and comparisons
between groups were made by means of t-tests. Stepwise
linear regression models were developed to find indepen-
dent factors related to the aortic volume and aortic diame-
ters. Differences were considered statistically significant if
P  .05. The SPSS software package version 14.0 (SPSS,
Chicago, Ill) was used for statistical analysis.
RESULTS
The baseline clinical characteristics of the patients are
shown in Table I. The mean age was 63  12 years, and
89% of the patients were men. Hypertension (55%) was the
most prevalent cardiovascular risk factor.
Correlations between aortic root diameters and
aortic diameters at other sites. Table II shows compari-
sons between indexed aortic diameters at the ascending
aorta levels and distal aorta sites. A weak correlation was
observed between ascending aorta diameters and the diam-
eter at any thoracoabdominal aortic level.
With respect to valve morphology, in patients with
tricuspid aortic valve (TAV), a moderate correlation be-
tween the ascending aorta diameter and diameter at any
aortic level was observed, whereas in patients with bicuspid
aortic valve (BAV), a moderate correlation between the
ascending aorta diameter and descending aorta diameter
was observed (Table II). These correlations were statisti-
Table IV. Continued
PAA R
 (95% CI) P  (95% CI)
0.08 (0.04-0.11) .0001 0.07 (0.04-0.10cally significant but less evident when raw aortic diameter
was used in the calculation (data not shown).
Variables related to aortic volume and aortic
diameter. Relations between aortic volume and certain
variables were analyzed: age, sex, body surface area (BSA),
smoking, stroke, ischemic heart disease, hypertension, and
echocardiographic variables (teledyastolic diameter, aortic
valve morphology, presence, and grade of aortic regurgita-
tion and stenosis). In a multivariate analysis, age (P 
.0001), BSA (P  .0001), and grade of aortic valve regur-
gitation (P .001) independently predicted aortic volume
(linear regressionmodel: aortic volume483 4.2	 age
238 	 BSA  23 	 aortic regurgitation [0-4]; Table III).
Of note, in multivariate analyses, indexed aortic volume
retained a similar relationship with age (  1.86; P 
.0001) and grade of aortic regurgitation (  11.1; P 
.004).
We also assessed whether any of these variables were
independently related to the indexed diameter at each
aortic site. Age was related to the diameter of the aortic
arch, descending aorta (proximal and distal), and abdomi-
nal aorta, whereas the grade of aortic regurgitation was
related to aortic arch and descending aorta diameters (Ta-
ble IV).
Aortic dilatation distal to the ascending aorta. A
dilated thoracic aorta distal to the ascending aorta was
detected in 5 patients (7%), and dilatation of the abdominal
aorta in 4 patients (6%). Of the 9 patients, 2 had dilatation
of the thoracic and abdominal aorta and, consequently, the
characteristics depicted in Table V are listed for only 7
patients. Four patients satisfied the criteria for aortic aneu-
rysm: 2 in the thoracic aorta and 2 in the abdominal aorta;
1 of them presented with a large aneurysm that extended
from the descending thoracic aorta to the infrarenal aorta.
All 4 patients presenting with an aneurysm were men 60
years with a TAV and an indexed aortic root diameter21
mm/m2. When the group of male patients 60 years old
with a TAV and an indexed aortic root diameter 21
mm/m2 was analyzed, the prevalence of dilated abdominal
aorta was 17% (4 of 24 patients). The characteristics of
these patients are described in Table V.
The relation between aortic valve morphology and
aortic dilatation was analyzed. Among patients with a BAV,
a dilated thoracic aorta distal to the ascending aorta was
found in 2 patients (11%), but no patients had dilatations at
the abdominal level. On the other hand, in patients with a
TAV, 3 patients (6%) had a dilated thoracic aorta distal to
IAA
P  (95% CI) P
.0001 0.06 (0.02-0.10) .0001AA
)
rta (p
2.
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the abdominal level.
DISCUSSION
Effect of aortic valve morphology on the relation
between the diameter of the ascending aorta and the
diameter of the rest of the aorta. The different correla-
tions observed between the diameter of the ascending aorta
and those of the other aortic segments and the dependence
of these correlations on aortic valve morphology seems to
be related to different physiopathological mechanisms.
It is known that patients with BAV have greater ascend-
ing aorta diameters with respect to patients with TAV,16
and a high prevalence of BAV has been described in patients
with DAR.17 Degenerative changes in the medial layer of
the aortic wall10 of these patients predispose to dilatation.
Our findings (positive correlation between the ascending
aorta and descending aorta diameters and 11% of patients
with a dilated descending aorta) suggest that the aortic wall
disease described in the ascending aorta of patients with a
BAV is extended in some patients to the descending aorta.
On the other hand, in patients with TAV, a positive
correlation between the ascending aorta diameter and both
thoracic and abdominal aortic diameters was observed.
Although different physiopathological mechanisms are de-
scribed, predominating a degenerative etiology in thoracic
aorta dilatation (medial necrosis, mucoid infiltration, elas-
tin degradation, and smooth muscle cell apoptosis)8,10
whereas atheromatosis linked to an inflammatory process is
the main cause of abdominal aortic dilatation,8,10,11 com-
mon risk factors such as age, hypertension, and smoking are
involved in both thoracic and abdominal dilatation.2-8 In
our study, the age was related to increased thoracic and
abdominal aortic diameters in patients with DAR. This
common risk factor may be involved in this positive corre-
lation. Older age is related to degenerative changes and the
loss of elastine, leading to increased diameters.18 More-
over, an increase in aortic diameter and aortic volume has
been related to a loss of aortic elasticity that results in an
increase in pulse pressures, a known factor related to ele-
vated cardiovascular risk.12 Taken together, our results
suggest that in older patients with DAR, a strict clinical
follow-up and a tight control of preventable cardiovascular
Table V. Patients with a thoracic or abdominal dilatation
Age Sex Aortic valve
Aortic
root IndAR a
Patient 1 61 years Male Tricuspid 40 21.7
Patient 2 70 years Male Tricuspid 47 25.4
Patient 3 60 years Male Tricuspid 42 24.4
Patient 4 67 years Male Bicuspid 55 29.1
Patient 5 64 years Male Bicuspid 40 21.8
Patient 6 78 years Male Tricuspid 41 22.4
Patient 7 60 years Male Tricuspid 41 22
Abd dil, Dilated abdominal aorta; Asc aorta, ascending aorta; Arch, aortic
indexed aortic root; PAA, pre-renal abdominal aorta; PDA, descending ao
measurements are shown in mm, except IndAR, which is shown in mm/mrisk factors should be further recommended.Aortic regurgitation and aortic volume and diameter.
Although aortic regurgitation has been related to ascend-
ing aortic dilatation,19 until now, no data have existed
about its effect on the aortic diameter distal to the ascend-
ing aorta. In our study, we observed that the grade of aortic
regurgitation was independently related both to thoraco-
abdominal aortic volume and also to the diameters of the
aortic arch and the descending aorta. Some echocardio-
graphic and magnetic resonance imaging studies have de-
scribed an inverted diastolic flow signal in the descending
aorta as a marker of the severity of aortic regurgitation.20-22
It is arguable that aortic regurgitation determines a higher
stroke volume that may have a detectable volume effect in
the descending aorta. This effect may contribute to de-
scending aorta dilatation and, consequently, to a greater
aortic volume. Aortic volume is probably a more accurate
representative of the global aortic diameter than the point
measurements that are usually done.
Screening of abdominal aorta dilatation. In our
study, the group of 60-year-old men with a DAR and a
TAV had a high prevalence of abdominal aortic aneurysm
([AAA] 17%). Screening programs in populations with risk
factors for AAAs (such as family history of AAAs, or men
65 years old) have been proposed to reduce AAA-related
mortality.23 Although the small number of patients ana-
lyzed represents a limitation that precludes strong sugges-
tions, our data suggest that a screen of the abdominal aorta
may be indicated in male patients with DAR60 years old
with a TAV.
CONCLUSION
Different patterns of aortic diameters were observed in
patients with dilated aortic root, depending on age, aortic
valve morphology, and function.When a dilated aortic root
is detected in older patients with a tricuspid aortic valve, an
accurate cardiovascular survey that includes the entire aorta
is needed. These results provide further evidence about the
systemic nature of aortic dilatation.
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198-202.Submitted Dec 30, 2009; accepted Apr 5, 2010.INVITED COMMENTARYMatthew J. Eagleton, MD, Cleveland, Ohio
In the current manuscript, the authors present data demon-
strating an association between dilated aortic root (DAR) and
concomitant increased distal aortic segment diameters. The pat-
tern of more diffuse disease being associated with tricuspid aortic
valve, as opposed to bicuspid aortic valve (BAV), is somewhat
surprising, but likely highlights one of the limitations of this
analysis in that it represents a small sample size – only 19 patients
had BAV. Certainly a larger population study could demonstrate a
stronger association. Another weakness of this study is that it
represents a single snapshot in time. While DAR is associated with
concurrent increased distal aortic diameters, it is unclear as to what
the natural history of this association will be. Will further segments
of the aorta degenerate, and will areas that are dilated, but not
aneurysmal, become so over time? The authors suggest that it mayaneurysm (AAA). Perhaps with more data obtained over time we
may find it is necessary to continue to monitor the entire aorta of
these patients as they age.
The data presented supports the concept that aortic aneurys-
mal disease (AAD) is associated with a diffuse aortic pathology.
The population is aging and patients are surviving longer after
surgery for aneurysmal disease. It is becoming increasingly appar-
ent that patients with AAD at one location may develop subse-
quent aneurysmal degeneration at sites either contiguous with, or
remote from, the site of initial pathology. This suggests that
patients with AAD have an inherently abnormal aorta that is at risk
for further aneurysmal degeneration. Data from the current manu-
script lend further support to this hypothesis. Knowing this, future
surgical approaches to patients with AADmay need to be viewed as
palliative and no longer curative. Operative plans may need to be
